Diet and large bowel cancer
Colorectal cancer is the second most common cancer in Britain, affecting about 3% of men and women by the age of75. Risks increase markedly with age, from 12 cases per 100000 in men at age 40-45, to 419 per 100000 at age 80-85 1 • It has been suggested that the aetiology of cancer of the colon is different from that of cancer of the rectum, but the two are treated as a single entity in this paper. The same chromosomal abnormalities have been found in both-and there are difficulties in determining the exact anatomical site of cancer of the recto-sigmoid area, where up to half of large bowel neoplasms may be found', Within anyone population, individual susceptibility to the disease is affected by genetic factors, which may be common to the sporadic form of colorectal cancer and the rare inherited susceptibility, familial polyposis coli''. However, several lines of evidence show that environment may overwhelm genetic factors in colorectal cancer at the population level. Firstly, there is at least a 15-fold range in age standardized incidence rates in different parts of the world'. Secondly, migrants from a low risk area adopt the incidence rates of a high risk host population within a single generation". Thirdly, certain population groups have experienced striking changes in large bowel cancer risk with time. For example, colorectal cancer rates in Japan have more than doubled since 1960, and are fast approaching those recorded in Britain", Of the possible environmental risk factors, diet, particularly meat and fat consumption, has been shown to be most strongly associated with colorectal cancer incidence ratest. As yet the mechanism by which diet may be involved in affecting risk is unknown, and this is likely to remain true until the molecular basis of colorectal cancer is established. Nevertheless, there are a number of hypotheses which relate dietary factors and bowel cancer, and many epidemiological studies have attempted to investigate them.
Cancer arises in general by a several-stage process of initiation and then promotion. The supposition that cancer initiators are formed in the lumen of the large gut has prompted the search for faecal mutagens and carcinogens, of which there are a number of candidates, including polycyclic hydrocarbons, phenols, and Nvnitroaocompounds-. Recent attention has focused on the mutagenic heterocyclic amines which are formed in meat cooked at relatively low temperatures. These quinoline derivatives such as IQ, MeIQx MeIQ, result probably from Maillard reactions between a hexose such as glucose and an amino acid, with linkage of the resulting Strecker aldehyde to creatinine", MeIQx forms covalent links with mouse DNA obtained from tissues including the large intestine", MeIQ and IQ are damaging to mouse cells in vivo, and IQ induces large bowel tumours in mice", Hayatsu et at. have shown an increase in faecal mutagenicity in human volunteers following a meal of 150 g fried beefburgers, but could not identify the major mutagenic component as MeIQx 9 • Other mutagens, the fecapentaenes, have not been shown to be carcinogenic in vivo and are not associated with increased risk of colon cancer in case control studies'P-". Non-fecapentaene mutagenicity, possibly from heterocyclic amines, has however been associated with increased risk l 2 .
The presence of mutagens in cooked meat would offer a direct link with the epidemiological association of meat consumption and large bowel cancer. Both meat and fat consumptions are high in high risk areas, and the recent increases in bowel cancer rates in countries such as Japan and Greece have been accompanied by rapidly increasing consumption of meat 4 ,l 3.l 4 .
However, other epidemiological support for the role of meat is inconsistent. Seventh Day Adventists, most of whom are vegetarian, have a reduced risk of cancer of the large bowel, but Mormons are also at low risk and they are not vegetarian 15 ,l 6 . Nineteen case control studies in various geographical locations have reported the risk of colorectal cancer with respect to meat-". The majority (12) of these studies yielded non-significant results, but in seven studies positive associations were found, relative risk increasing with increasing meat consumption. No study yielded inverse associations. Equivocal results are available from two prospective studies l 8 ,19.
One of the most extensively investigated hypotheses is that secondary bile acids are involved in bowel cancer. Originally bile acids were thought to be initiators via desaturation to 20·methyl cholanthrene, a polycyclic hydrocarbon-? and more recently they have been proposed as promoters, via their damaging and cell proliferative effects on the colonic mucosa 2 1-23 • Bile acids alone however are unlikely to affect colorectal cancer risk because there is no difference in faecal bile acid output either between cases and healthy matched controls nor between individuals living in a high risk area and those living in a low risk area 24 • Nevertheless, the hypothesis that bile acids are important in colorectal cancer has yet to be entirely refuted, since it is possible that other factors, such as calcium and pH may be involved, reducing the solubility of free bile acids, at least in faecal water 25 • An increased output of bile acids due to a high fat diet, was a suggested explanation for the epidemiological association between high fat intake and high rates of bowel cancer-". The increase in colon cancer in Japan has been associated with an increase in total fat consumption'" although not in Greece where the traditional diet is high in fat, from olive oil l4 • Experimental and epidemiological studies offer only limited support for a role for fat in bowel cancer, the majority of case control studies of diet and cancer (16 out of 25) having found no significant associations. In seven, risk was elevated with increased fat consumption, and in two, an inverse association was found!".
Prospective studies of fat and bowel cancer have also yielded conflicting results. American nurses show mildly increased risk with higher fat intake 26 as do a vegetarian (Seventh Day Adventists) populations? but an inverse association was seen in a Hawaii Japanese population'". Support for a role for saturated fat in bowel cancer could come from large prospective studies if they showed positive associations between risk and blood cholesterol. However, in the largest studies of more than 92000 individuals in Sweden and California, blood cholesterol was positively related to large bowel cancer in one study29 with no relation in the other 30 • Case control studies have not established differences in the type of fat consumed, as judged by adipose tissue composition'", In animal studies of large bowel carcinogenesis induced with chemical carcinogens, recent work shows no overall effect of fat, nor saturated fat when standardized for total energy and for linoleic acid intake 32 • 33 • Alcohol, particularly beer consumption, has been linked for some time with large bowel cancer, especially rectal cancer. McMichael et al. in relating time trends in cancer mortality to changes in food supplies and alcohol consumption, found a positive association between beer consumption and rectal cancer'". Alcohol is not a direct acting carcinogen, but beer, wines and spirits contain at least 1200 different compounds, such as aldehydes, higher alcohols, phenols, amines etc. Acetaldehyde and urethane are known carcinogens, and acetaldehyde is a metabolic intermediate from alcohol in humans, particularly chronic consumers. A recent report found sufficient evidence to classify alcoholic beverages as carcinogenic to humans, but epidemiological studies were inconsistent for colon cancer, and only indicative for beer consumption in rectal cancer'".
The hypothesis that lack of dietary fibre (NSP, nonstarch polysaccharides) could account for high rates of large bowel cancer in western societies is by now familiar. In 1969 Burkitt suggested a mechanism for the protective action of dietary fibre in stating that 'with regard to bowel tumours ... with the Western diet, the greatly delayed transit time (most of the delay occurring in the distal colon),together with the concentration associated with diminished stool bulk, might enhance the action of any carcinogen by the multiple ofthese factors'P", Since that time, a number of studies have shown a reduction in faecal mutagenicity, probably by dilution, with bran in humans'". Bran, together with cellulose, also appears to have a consistently protective effect against chemical carcinogenesis induced in experimental animals'".
There are however other aspects to the protective action of dietary fibre, in addition to its effect on stool bulk and transit time. Firstly, non-starch polysaccharides (fibre) are substrates for anaerobic fermentation by the flora of the large bowel. Secondly, recent research has shown that as much starch as non-starch polysaccharides may reach the large gut and be fermented by the flora 39 • The amount of 'resistant' starch that reaches the large bowel depends on cooking, processing, and ripeness of food 4o but in areas where starch remains the major contributor to energy supplies in human diets (and where fat intakes are low)substantial amounts of 'resistant' starch may reach the large gut.
During fermentation, bacterial cell mass and faecal weight are increased and the production of ammonia, amines and other precursor N·nitrosocompounds is altered. Short chain fatty acid production is also increased'". Butyrate is a well recognized differentiating and antiproliferative agent in cell culture lines, acting directly as an inhibitor of DNA synthesis and cell growth, mainly via inhibition of histone deacetylase. This may be a general mechanism for allowing access for DNA repair enzymes. The other short chain fatty acids, acetate and propionate, produced during fermentation are much less active than butyrate in this respect 41 • 42 • Interestingly, butyrate levels both in vitro and in vivo are enhanced when starch, rather than NSP, is the substrate for fermentation 43 .44. Journal of the Royal Society of Medicine Volume 83 July 1990 421
So far there has been little epidemiological testing of the protective effects of butyrate and none of resistant starch, although two small studies have shown lowered faecal butyrate in cases versus controls 45 ,46 . Intakes of resistant starch and NSP have not been measured in most dietary studies, but when all case control studies which have measured various indices of 'fibre' consumption are summarized, fibre is associated with a reduction in risk in 11 out of 22 studies, mainly due to lower vegetable consumption reported by cases than by controls'", In the largest study of 818 cases in Belgium, starch, fibre, cooked vegetables and raw vegetables were all protective factors with relative risks reduced to 0.82, 0.67,0.71 and 0.37 respectively47.48. The association with vegetables may be due to the fact that they are the major sources of NSP in western diets, or that they contain micronutrients and pharmacologically active substances for which a general protective role in cancer has been described-", The problem of bias and misclassification in case control studies, particularly of diet and large bowel cancer, has been detailed elsewhere'" and these findings require confirmation with large prospective and intervention trials using improved methods of dietary assessment.
At present, neither epidemiological studies nor experimental work supports an unequivocal role for fat in bowel cancer, and adequate explanations for the possible mechanisms of fat in carcinogenesis are lacking. Suggested mechanisms for the roles of meat and alcohol are interesting, but epidemiological studies as yet have failed to confirm their involvement. The 'bulking' theory to explain the protective role of dietary fibre is supported by a reduction in faecal mutagenicity with bran, and by animal carcinogenicity tests. The metabolic consequences of fermentation of resistant starch and NSP may be important in altering bacterial metabolism in the colon and stimulating butyrate production, but these protective aspects have yet to be tested epidemiologically and experimentally. Definitive assessments of risk must await the findings of large, well controlled and validated prospective and intervention trials of diet and cancer, coupled with specific testing of hypotheses in relation to molecular genetics. Meanwhile general dietary advice to restrict alcohol and fat consumption, and to increase the amount of vegetables, starch and non-starch polysaccharides in the diet will not increase risk of large bowel cancer and may be of benefit.
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